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Experiments provide a qualitative confirmation of significant absorption of a wide electromagnetic 
beam propagating along a thin conducting cylinder (the diameter of the cylinder can be orders of 
magnitude less than the beam waist width). This new physical effect can be used for numerous 
applications, such as pumping of active media of short-wavelength lasers and creation of low-density 
channels in the lower atmosphere. 

PACS numbers: 41.20.-q, 42.25. Fx, 52.50.Jm, 81.07.Dc 



I. INTRODUCTION 



II. THE EXPERIMENTAL SETUP 
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A theoretical possibility of non-resonant, fast, and effi- 
cient heating of very thin conducting cylindrical targets 
by coaxial broad electromagnetic beams was described in 
Ref. [l| (see also the sections on the "longitudinal geom- 
etry" in Refs. [2, El and references there). The diameter 
of the cylinder can be orders of magnitude smaller than 
the beam waist of the electromagnetic radiation. Effi- 
cient heating takes place in several broad domains of pa- 
rameters (see the exact conditions in Refs. [2J, |3[). This 
possibility can be used for such applications as pumping 
of active media of short- wavelength lasers and creation of 
low-density channels in the lower atmosphere (Ref. [l|). 
Recently, experimental confirmation of efficient heating 
of extremely thin conducting cylindrical targets by broad 
electromagnetic beam was obtained in Ref. [ij for the 
transverse geometry of Refs. @, 



The experimental setup is shown schematically in 
Fig. Hand Fig. El 

The CO2 laser emits infrared radiation (the wave- 
length A is 10.6 micron). The two chloride salt crystals 
(30x30x10 mm) are transparent for the radiation. A 20- 
micron-thick platinum wire is threaded through holes (1 
mm diameter) drilled in the crystals. The wire is within 
the beam mainly within and between the crystals. The 
distance between the centers of the crystals is 270 mm. 
The beam is not focused in Fig. [2] and focused by a lens 
(the focal length / is 130 mm) in Fig. [3] The electrical re- 
sistance of the wire is measured with an ohmmeter. The 
parameters of the beam and the platinum wire provide 
efficient absorption (case 2.1.2.1, Eq. (167) of Ref. 
version 1). The skin-depth is much less than the wire 
diameter. 



III. MEASUREMENT AND COMPUTATION 
METHODS 



The longitudinal geometry of target irradiation by an 
electromagnetic beam is illustrated in Fig. [TJ In this 
work we present a preliminary qualitative experimental 
confirmation of the predictions of Refs. [H-[l])- 
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The wire is heated by the radiation, and the initial 
electrical resistance of the wire Rq changes by AR. The 
average wire temperature increase AT corresponding to 
AR was calculated as 



AT 



AR 

a r Ro ' 



(1) 



where a r w 0.004/°C is the temperature coefficient of 
resistance of the platinum wire. 
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FIG. 1: The longitudinal geometry. Electromagnetic beam 2 propagates along the axis of target cylinder 1. 
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FIG. 2: The experimental setup (unfocused beam) 



On the other hand, the steady state wire temperature 
increase depends on the absorbed power P a and the con- 
ditions of heat exchange with the environment (the New- 
ton's law of cooling) Q: 



AT = 



Pa 

a p L ' 



(2) 



where L is the length of the wire and a p f» 0. 04 W/m/°C) 
is the linear heat exchange coefficient for the platinum 
wire used in the experiment. 
It follows from Eqs. (HE]) that 



a p LAR 
*a — D • 



(3) 



Therefore, the efficiency of absorption of microwave 
power in the wire equals: 



R= Pa = a p L AR 
P a r P Ro ' 



(4) 



where P is the power in the laser beam. 

In the experiment with the unfocused beam (Fig. [5]) , 
the initial resistance of the wire was 127.5 Ohm, the resis- 
tance increased by 5.1 Ohm in the course of irradiation, 



and the power in the beam was 23 W, thus, the effi- 
ciency of absorption of the beam power was just about 
0.5%. However, the absorption efficiency was calculated 
in Refs. [J-Q) for the entire Gaussian beam waist length 
l w = ird^/X, where d w is the beam waist width. If, to 
make an estimate, we substitute the beam waist width in 
this formula with the measured width of the unfocused 
beam (6 mm), we obtain l w ks 10.7 m. Assuming that lin- 
ear absorption is approximately constant along the entire 
length of the beam waist, one can expect the absorption 
efficiency for a much longer wire to be about 21%. The 
absorption efficiency in the one-wave approximation of 
Refs. [lH3j) is about 38% (the more precise method was 
not used for this preliminary report, but it typically pro- 
vides absorption efficiency values that are 40-50% less 
than those for the one- wave method). Thus, the ex- 
perimental results strongly suggest qualitative agreement 
with the theory for a longer wire. 

In the experiment with the focused beam (Fig. [3) , the 
initial resistance of the wire was 128.0 Ohm, the resis- 
tance increased by 32 Ohm in the course of irradiation, 
and the power in the beam behind the lens was 21 W, 
thus, the efficiency of absorption of the beam power was 
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FIG. 3: The experimental setup (focused beam) 



about 3.3%. The theoretical absorption efficiency in the 
one-wave approximation is about 31%. So the experi- 
mental absorption efficiency is 5-10 times less than the 
theoretical one. This discrepancy is probably due to the 
fact that the beam waist width is very small in this case 
(about 150 micron), so the wire could be misaligned with 
the beam. Nevertheless, this result provides a qualitative 
confirmation of the theoretical results. 



IV. CONCLUSION 

The results of the experiments strongly suggest the 
feasibility of efficient heating of thin cylindrical targets 



with a coaxial electromagnetic beam with a waist sev- 
eral orders of magnitude greater than the diameter of 
the target. To this end, there needs to be a match be- 
tween the diameter of the target, its conductivity, and the 
wavelength. However, the conditions of efficient heating 
are non-resonant and therefore very promising for numer- 
ous applications. The heating efficiency of tens percent 
can be achieved for very thin targets. Some deficiencies 
of these preliminary experiments will be removed in the 
course of further work. 
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